T he 1977 National Center for Health Statistics (NCHS) growth charts for infants and older children 1 have been used widely in pediatric practice to assess the nutritional and health status of children and to monitor individual growth. In 1978, the Centers for Disease Control and Prevention (CDC) produced a normalized version of the 1977 NCHS percentiles. 2, 3 The World Health Organization (WHO) subsequently adopted these normalized curves as an international reference (CDC/WHO growth charts). 4 -6 Researchers have used these 1978 charts to calculate prevalence estimates and z scores, compare populations, monitor trends, evaluate interventions, and define nutritional outcomes.
Concerns about the 1977 NCHS charts along with the availability of recent, comprehensive data, and improved statistical smoothing procedures, led to a revision of the charts and the release in May 2000 of the CDC growth charts for the United States. 7 The main concerns about the 1977 NCHS charts centered on the use of Fels Research Institute 8 data for the infant charts. 9 -11 Although not ideal, the Fels data were considered the best available data at the time and some of the limitations of incorporating them were clearly stated with the initial release. 12 Nevertheless, 4 main issues related to using the Fels data led to criticisms of the 1977 growth charts. First, the data were not representative of the entire country; data from the Fels Institute were derived from white, middle-class infants living in southwestern Ohio between 1929 and 1975 . Second, the infants in the Fels sample, similar to what was happening nationally during those years, were primarily formula fed. Third, birth weights in the Fels sample did not match the national distribution of birth weights. Fourth, differences between recumbent length in the Fels data set and stature in the national data used for the older child charts were too large, leading to a disjunction between the infant and older child growth curves between 24 and 36 months of age. 2, 3, 9 Two other concerns about the 1977 NCHS growth charts also have been raised. First, the percentiles from the normalized version were not identical to the original 1977 NCHS percentiles. Second, the weightfor-stature charts ended at 10 or 11 years of age, making it impossible to evaluate weight adjusted for stature during adolescence.version of the 2000 CDC growth charts containing 2 charts per page with data entry boxes and to compare the 2000 CDC growth charts with the previous 1977 NCHS version.
METHODS
The 2000 CDC growth charts consist of a set of curves for infants, birth to 36 months of age, and a set for children and adolescents, 2 to 20 years of age. The infant growth charts consist of curves for weight-for-age, recumbent length-for-age, head circumference-for-age, and weight-for-recumbent length. The growth charts for children and adolescents include weight-forage, stature-for-age, and body mass index (BMI)-for-age. In addition, weight-for-stature charts were created for children between 77 and 121 cm in stature that are applicable primarily to children 2 to 5 years of age. 7 National data collected in a series of 5 surveys between 1963 and 1994 were used to develop the 2000 CDC growth charts. 7 The most recent was the NCHS/CDC Third National Health and Nutrition Examination Survey (NHANES III, 1988 -1994 . This survey was designed as a stratified, multistage probability sample based on the selection of counties, blocks, households, and persons within households. 13 Preschool-age children were oversampled for the specific purpose of revising the 1977 NCHS growth charts. Similar to the previous health examination surveys, NHANES III consisted of a home interview and a standardized physical examination conducted in a mobile examination center. The physical examination included measurements of recumbent length, stature, weight, and head circumference. Head circumference and recumbent length were measured in children younger than 4 years, and stature was measured in children 2 years and older. Infants wore diapers, and children wore paper examination gowns and foam slippers.
In the infant charts, additional data were added at birth and during the first few months of life where national data were not available. These data sources included national birth certificate data for birth weight, birth lengths recorded in Missouri and Wisconsin, head circumference at birth from the Fels Research Institute, and length data from a subset of CDC's Pediatric Nutrition Surveillance System between 0.5 and 4.5 months of age.
Two substantial data exclusions were made before specific charts were created. First, all very low birth weight infants (Ͻ1500 g) were excluded from the infant growth charts. These infants have substantially different growth patterns than normal birth weight infants, and specialized growth charts for infants with birth weight Ͻ1500 g are available. 14 -18 Second, all charts with weight and BMI exclude data from NHANES III for children ages 6 years and older. This exclusion was made because of the higher prevalence of overweight in this sample as compared with data from previous surveys. 19 NHANES III had an unduly high influence on the curves compared with the other surveys. The NHANES III data alone shifted the upper percentiles of the weight and BMI curves, resulting in higher values for the 85th and 95th percentiles. Because the 85th percentile of BMI has been recommended as a cutoff to identify children and adolescents who are at risk for becoming overweight, 20,21 the inclusion of NHANES III would lead to misclassification of overweight children as not overweight.
The smoothed percentile curves were developed in 2 stages. In the first stage, selected weighted empirical percentiles (3rd, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 97th) for specific age groups were smoothed with a variety of parametric and nonparametric procedures. The 85th percentile was also smoothed in the BMIfor-age charts. In the second stage, normalized growth curves were constructed to approximate the statistically smoothed empirical percentiles. These normalized curves were calculated using a modified LMS estimation procedure. The modified LMS procedure applies the LMS technique to smoothed curves as compared with the original LMS procedure, which is applied directly to the data points. Three parameters are estimated in this technique, L (the skewness parameter in the Box-Cox transformation), M (the median), and S (the generalized coefficient of variation). Then, using the equations below, a specific percentile or z score (Z) can be obtained:
where X is the physical measurement (eg, weight, length, head circumference, stature, or calculated BMI value) and L, M, and S are the values from the appropriate table corresponding to the age in months (or length/stature) of the child. The percentile corresponding to the obtained z score is given in a normal distribution table (eg, Z ϭ 0 corresponds to the 50th percentile and z ϭ Ϫ1.645 corresponds to the 5th percentile). A detailed description of the original LMS procedure 22, 23 and the data and methods used to develop the 2000 CDC growth curves are available. 7, 24 Clinical versions of the 2000 CDC growth charts are presented in Figs 1 to 10. They include boxes for data entry and are scaled to metric units. Length-for-age and weight-for-age percentiles are displayed in Figs 1 and 2 for infant boys and girls; head circumference-for-age and weight-for-length percentiles for infant boys and girls are displayed in Figs 
RESULTS
For demonstrating how some of the concerns about the 1977 NCHS growth charts were addressed in the revision, the 1977 NCHS and normalized 1978 CDC/WHO growth charts based on the NCHS charts were compared with the 2000 CDC growth charts. Specific issues regarding the distribution of birth weights and the disjunction between length and stature were evaluated using data from the national distribution of birth weights and NHANES III.
The analytic data set from NHANES III included measurements of 1115 children between 24 and 35.9 months of age. Of the 1281 2-year-old children examined in NHANES III, 155 were excluded because of missing values for stature, length, or weight. Eleven children were excluded because their stature and length measurements differed by Ն5 cm. In the analyses of the weight-for-length and weight-forstature curves, another 504 children were excluded because their values fell outside the stature range of the 1977 NCHS growth charts.
SAS (SAS Institute, Cary, NC) and SUDAAN (Research Triangle Institute, Research Triangle Park, NC) were used to analyze the NHANES III data. All analyses included sample weights that account for the unequal probabilities of selection and nonresponse in the examination component of NHANES III. For accounting for the complex sample design, SUDAAN was used to calculate sampling errors.
Representativeness
Unlike the 1977 NCHS growth charts, the 2000 CDC growth charts for infants birth to 36 months are representative of a cross-section of children living in the United States between 1971 and 1994. Slightly more than 14% of the children included in the 2000 CDC growth charts database are black, which approximately represents the proportion of the 1980 US population of this age who were black. 25 This reflects that the charts were created from nationally representative samples of infants, children, and adolescents, supplemented with data from additional sources, primarily at birth, where national survey data were absent.
Infant Feeding
Breastfed infants are included in the 2000 CDC growth charts proportional to their distribution in the US population during the past 30 years. During the past 2 decades, approximately half of US infants reportedly were breastfed; and among infants born from 1972 to 1994, approximately one-third were breastfed for at least 3 months. 26 In NHANES II and III, approximately 50% of infants were ever breastfed and approximately 29% were still breastfed at 3 months. Data on breastfeeding were not available for NHANES I. 
Birth Weights
The 2000 CDC growth charts more closely match the national distribution of birth weights than did the 1977 NCHS growth charts. Figures 11 and 12 show the differences between specific percentile values of the national distribution of birth weights in 1977 and the percentile values at birth from the 1977 NCHS growth charts and, similarly, the differences between the birth weight percentiles in 1998 and in the 2000 CDC growth charts for boys and girls. The 1998 national distribution of birth weights excludes very low birth weight infants (Ͻ1500 g) to be consistent with the exclusion made in the 2000 CDC growth charts. Birth weights represented in the 1977 NCHS growth charts were lower than the national birth weight distribution by Ͼ100 g at the 75th, 90th, and 95th percentiles for both boys and girls. Although not shown, the differences between the birth points on the normalized CDC/WHO growth charts and the national distribution in 1977 are generally greater than the differences between the 1977 NCHS growth charts and the 1977 national distribution. Compared with the differences in 1977, the differences between the national distribution in 1998 and the 2000 CDC growth charts because these years correspond to the years in which the infants in the national surveys were born.
Disjunction
In the 1977 versions of the growth charts, there was a larger-than-expected disjunction between length and stature. A child's measured length is generally greater than his or her stature; however, a child should fall at the same percentile for length as for stature. This was not true in the 1977 NCHS growth charts because there was an inconsistent relationship between the length and stature percentiles for both weight-for-length and weight-for-stature and for length-for-age and stature-for-age (Figs 13  and 14) . The differences between the length and stature curves were inconsistent by age, percentile, or length values. Figure 13 shows the 5th, 50th, and 95th percentiles of the 1977 NCHS and 2000 CDC weightfor-length and weight-for-stature curves for girls 75 to 110 cm in length or stature. Figure 14 shows the same percentiles for the length-for-age and staturefor-age curves for girls ages 24 to 36 months. These figures demonstrate the disjunctions in the 1977 NCHS charts and a consistent 0.8-cm parallel difference in the 2000 CDC charts based on the calculated mean difference between length and stature in children 24 to 36 months of age in NHANES II and III. The disjunction between length and stature in the 1977 NCHS growth charts can also be observed by estimating the percentage of 2-year-old children in NHANES III who fall below the 5th percentile and above the 95th percentile of the weight-for-length, weight-for-stature, length-for-age, and stature-forage growth curves. If there were no disjunction, then the percentage of children who fall below the 5th percentile would be the same using the weight-forlength and weight-for-stature or length-for-age and stature-for-age curves. This also would be true for the percentage above the 95th percentile of the length and stature curves. Tables 1 and 2 show these percentages using the 1977 NCHS and 2000 CDC growth charts.
At the low end of the distribution of weight-for- length and weight-for-stature, little variation is seen. The differences in the percentage at Ͻ5th percentile (underweight) between the weight-for-length and weight-for-stature curves for either the 1977 or 2000 growth charts are not large. At the 95th percentile, more variation is seen. There are large differences in the proportion at Ͼ95th percentile (overweight) between the weightfor-length and weight-for-stature charts for both boys and girls using the 1977 NCHS growth charts. For 2-year-old boys in NHANES III, approximately 9% were above the 95th percentile using the weightfor-length chart, whereas approximately 4% of the same children were above the 95th percentile using the weight-for-stature chart. For 2-year-old girls, the rates were 20% and 4%, respectively. These differ- ences do not occur using the 2000 CDC charts. In fact, in logistic regression, 27 the 2000 CDC growth charts were more likely to predict accurately underweight or overweight based on weight-for-stature from underweight or overweight based on weight-for-length than the 1977 NCHS growth charts. Moreover, the large difference in prevalence of overweight by gender using the 1977 NCHS weight-for-length curve does not exist using the 2000 CDC weight-for-length curve.
Compared with weight-for-length and weight-forstature, the 1977 disjunction between length and stature is not as striking when looking at length-for-age and stature-for-age ( Table 2 ). The only striking dif- ferences between length-for-age and stature-for-age in the 1977 NCHS growth charts occur at the 5th percentile, where approximately 9% of 2-year-old boys from NHANES III are below the 5th percentile of length-for-age, whereas almost 5% of the same boys are below the 5th percentile of stature-for-age. For 2-year-old girls, the values were almost 11% and 6%, respectively. There is virtually no difference between length-for-age and stature-for-age at the 5th percentile using the 2000 CDC growth charts. Similar to weight-for-stature and weight-for-length, logistic regression results indicate that the same result is likely to be obtained with length-for-age and staturefor-age using the 2000 CDC growth charts, whereas different results are expected between length-for-age and stature-for-age in the 1977 NCHS growth charts.
One Version of Charts for Both Percentiles and z Scores
As described earlier, the 2000 CDC growth charts can be used to obtain both percentiles and z scores. This is a major change from the 1977 growth charts, whereby the 1977 NCHS percentiles and the normalized CDC/WHO percentiles, used to obtain z scores, sometimes produced different results. The difference between the 1977 NCHS and CDC/WHO versions was particularly evident at the 5th and 95th percentiles, where undernutrition and overnutrition are commonly identified. For example, when the CDC/ WHO version was used to identify overweight, as Ͼ95th percentile of weight-for-stature, a child was more likely to be classified as overweight than if the 1977 NCHS curves were used. Figure 15 shows that the 95th percentile of the 1977 version of weight-forstature is higher than the CDC/WHO normalized version. This is no longer a problem with the 2000 CDC growth charts because there is only 1 version of the charts.
BMI-for-Age
The 1977 NCHS and CDC/WHO growth charts did not have curves to evaluate weight as a function of stature during adolescence. The prepubescent weight-for-stature charts stopped at age 10 for girls and 11 for boys. In the 2000 CDC version, the BMI chart is available for children and adolescents 2 to 20 years of age. BMI is recommended for screening overweight in children and adolescents. 20, 21 
DISCUSSION
The 2000 CDC growth charts are an improvement to the 1977 NCHS and normalized CDC/WHO growth charts. These charts can be found on the Internet (www.cdc.gov/growthcharts) and in CDC's Epi Info (Centers for Disease Control and Prevention, Atlanta, GA) software program, where both exact percentiles and z scores can be calculated. The Fels data used in the 1977 version have been replaced with national data, and there is only 1 version of the growth charts for calculating percentiles and z scores. Moreover, BMI-for-age is now available for ages 2 to 20 years. The clinical version of the charts presented here provides users with metric scaled charts that contain data entry boxes.
Unlike the 1977 NCHS growth charts, the 2000 CDC growth charts are based on the current mix of breastfed and formula-fed infants in the United States. Breastfed infants may grow differently from formula-fed infants in the first year of life, 28 -30 and current feeding recommendations advise that infants be exclusively breastfed in the early months and that partial breastfeeding continue for at least 1 year. 31, 32 Dewey et al 33 showed that the 2000 CDC weight curve still does not correspond exactly to the weight of infants who are breastfed for at least 12 months. The mean weight of the breastfed infants was higher than the 50th percentile of the 2000 CDC growth charts before 6 months of age but below the 50th percentile after 6 months of age. Mean length, however, was very close to the 2000 CDC 50th percentile. Adequate national data do not exist for exclusively or predominantly breastfed infants, so creation of growth charts for breastfed infants is not possible. Nonetheless, the assessment of growth in breastfed infants on the 2000 CDC growth charts can be made. Clinicians may wish to take into account type of feeding when making the assessment. The WHO is currently developing growth charts for preschoolage children based on prescriptive criteria for feeding. 34 Unlike the 1977 NCHS or 2000 CDC curves, the new WHO growth charts will be based on breastfed infants and will contain data from study centers in 6 countries.
There is no disjunction between weight-for-length and weight-for-stature or length-for-age and staturefor-age in the 2000 CDC growth charts. In this version, differences reflect the biological differences between recumbent length and stature. Although an individual child may be above the 95th percentile of weight-for-length but not above the 95th percentile of weight-for-stature using the 1977 curves, similar findings are much less likely using the 2000 CDC curves. Dibley et al 2, 3 found a disparity similar to that found in this analysis when they compared data from 2-year-old children in NHANES II with the CDC/WHO growth charts. Any differences in prev- alence by gender using the 2000 CDC length and stature curves is likely to be attributable to biological differences between length and stature.
The 2000 CDC growth charts are an improvement to the 1977 NCHS growth charts. They are based on samples of children from 2 months to 20 years of age and include breastfed and formula-fed infants. The weight curves include national birth weight data, and the length curves include birth length data from 2 states. A disjunction as a result of different data sources did not occur. In addition, the overlapping portions of the curves for recumbent length and stat- ure from 24 to 36 months of age were made parallel to each other during the smoothing process. The minimized disjunctions are attributable to inherent differences between length and stature measures. The 2000 CDC growth charts are recommended for use in the United States. Pediatric clinics should make the transition from the 1977 NCHS to the 2000 CDC charts for routine monitoring of growth in infants, children, and adolescents. 
